BP2) bind to eIF4E and prevent their association with eIF4G because 4E-BPs and eIF4G share a common site Translation initiation in eukaryotes is facilitated by the for eIF4E binding (Haghighat et al., 1995; Mader et al. , cap structure, m 7 GpppN (where N is any nucleotide).
1995). Upon treatment of cells with insulin and growth Eukaryotic translation initiation factor 4F (eIF4F) is
factors, 4E-BPs become phosphorylated. This leads to a cap binding protein complex that consists of three the dissociation of 4E-BPs from eIF4E and subsequent subunits: eIF4A, eIF4E and eIF4G. eIF4G interacts formation of the eIF4F complex, which results in stimuladirectly with eIF4E and eIF4A. The binding site of tion of translation (Lin et al., 1994; ; eIF4E resides in the N-terminal third of eIF4G, while Beretta et al., 1996) . eIF4A and eIF3 binding sites are present in the Several members of the picornavirus family including C-terminal two-thirds. Here, we describe a new eukarypoliovirus, whose translation is cap independent, prevent otic translational regulator (hereafter called p97) which cellular mRNA translation by cleaving eIF4G into N-and exhibits 28% identity to the C-terminal two-thirds of C-terminal fragments (Etchison et al., 1982; Liebig et al., eIF4G . p97 mRNA has no initiator AUG and transla-1993; for review, see Belsham and Sonenberg, 1996) . The tion starts exclusively at a GUG codon. The GUGbinding site of eIF4E is present in the N-terminal third of initiated open reading frame (907 amino acids) has no the cleaved eIF4G, while the C-terminal two-thirds concanonical eIF4E binding site. p97 binds to eIF4A tains the binding sites for eIF4A and eIF3 (Lamphear and eIF3, but not to eIF4E. Transient transfection et al., 1995; Mader et al., 1995) . Thus, these viruses experiments show that p97 suppresses both capinhibit cap-dependent translation by separating eIF4E from dependent and independent translation, while eIF4G eIF4A and eIF3. Translation of viral RNA is not affected, supports both translation pathways. Furthermore, since the C-terminal fragment of eIF4G can support capinducible expression of p97 reduces overall protein independent translation .
synthesis. These results suggest that p97 functions as
Another member of the picornaviruses, encephalomyoa general repressor of translation by forming translacarditis virus, inhibits cellular translation, at least in part tionally inactive complexes that include eIF4A and by inhibition of phosphorylation of 4E-BPs (Gingras eIF3, but exclude eIF4E.
Introduction Results
All cellular (except organellar) eukaryotic mRNAs possess a cap structure, m 7 GpppN (where N is any nucleotide) at The GUG-initiated open reading frame encodes a variant of eIF4G the 5Ј terminus. Multiprotein complexes are formed at or near the 5Ј end of the mRNA during translation initiation.
A human cDNA clone #20881 (hereafter called clone A, nucleotide positions 473-3820 in Figure 1 ) from Human Eukaryotic initiation factor 4G (eIF4G) serves as a scaffold for eIF4E and eIF4A to form a protein complex, eIF4F.
Genome Science Inc. was found to possess an open reading frame (ORF) encoding a protein (850 amino acids) eIF4E binds to the cap structure to position the complex near the 5Ј terminus of the mRNA. eIF4A, an RNAsimilar to eIF4G. RNA synthesized from clone A produced no protein in a reticulocyte lysate translation system (data dependent ATPase and ATP-dependent RNA helicase, is thought to unwind the secondary structure of the 5Ј-not shown). The ORF of clone A had no translation initiator ATG; the first in-frame ATG (nucleotide position untranslated region (5Ј-UTR) of the mRNA to facilitate ribosome binding (for reviews, see Merrick and Hershey, 925) was unlikely to be the initiation codon, since a sequence upstream of this ATG (nucleotides 556-576, 1996; Sonenberg, 1996) . eIF4F is a more efficient RNA helicase than free eIF4A (Rozen et al. , Figure 1 ) encodes the amino acid stretch ILNKLTP, which is perfectly conserved in eIF4G (amino acids [572] [573] [574] [575] [576] [577] [578] 1990) , consistent with the idea that eIF4A recycles through the eIF4F protein complex to function in unwinding (Pause Figure 6 ). Thus, upstream sequences which provide the translation initiator are lacking from clone A. The 3Ј (called, p97-HA) was synthesized ( Figure 3 , compare lanes 1 and 2). Transfection of a truncated cDNA, ATGterminus is complete because of the presence of the poly(A) signal and a poly(A) tail (Figure 1 ). To obtain a A(HA), in which an artificial ATG was inserted in-frame at position 473 to initiate the ORF of clone A, yielded a full-length cDNA, we screened a human placenta cDNA library with a 5Ј sequence of clone A. λ4-1, the longest polypeptide shorter than p97-HA ( Figure 3 , compare lanes 2 and 4). The apparent M r of this shorter protein is 95 kDa, clone obtained, starts at nucleotide position 12 in Figure  1 , and the sequence was extended by 11 nucleotides which is close to the size predicted from the sequence of clone A (94 kDa, ORF of clone A plus HA). These results by 5Ј RACE (Figure 1 ). The longest sequence (3820 nucleotides) (Figure 1 ) is close to full-length, since indicate that the full-length cDNA encodes a protein which is larger than that encoded by the ORF starting from Northern blotting showed that the mRNA is~3.8 kb in length (Figure 2) . We have performed numerous 5Ј RACE position 473. One explanation for this is that translation of the 97 kDa protein starts at a non-AUG initiator 5Ј experiments but have not obtained any further 5Ј sequence. In addition, the 5Ј end of cDNA for the mouse p97 upstream of clone A. Although there is one ATG triplet in the 5Ј upstream region (nucleotide position 21 in Figure  homolog , which recently has been deposited into the DDBJ/EMBL/GenBank databases (U63323), is shorter by 1), it is predicted to encode a small polypeptide (16 amino acids), and is out-of-frame of clone A ORF. Furthermore, 24 nucleotides than that of the human clone ( Figure 1 ). The mRNA is expressed in every tissue and cell line transfection of 6-4-A(HA), which does not contain this ATG (Figure 1 ), into cells produced a protein indistinguishexamined (Figure 2 ), implying a fundamental role for the protein in cells. The first ATG of the extended ORF is the able from p97-HA ( Figure 3 , lane 3). We predicted that GTG at nucleotide positions 307-same as that identified in clone A (nucleotide position 925) and it is preceded by in-frame stop codons at 309 (Figure 1 ) is the translation initiator, since it could potentially start an ORF that encodes a polypeptide of nucleotide positions 178 and 205. The sequence 4-1-A (12-3820 in Figure 1 ) was used for further studies.~100 kDa, and the nucleotide sequence flanking this triplet (gccgccaaaGUGgag) is similar to the consensus sequence, To determine the capacity of the full-length cDNA to encode a protein, a modified cDNA, 4-1-A(HA), in which gccgcca/gcc(nonAUG)ga/cu, for non-AUG initiators (Boeck and Kolakofsky, 1994; Grunert and Jackson, 1994) . the hemagglutinin (HA) epitope was fused to the C-terminus of the ORF, was transfected into COS-1 and
To test this possibility, we mutated the GTG into GGG or ATG in the 4-1-A(HA) construct, and transfected the DNA HeLa cells. Western blotting and immunoprecipitation with anti-HA antibody demonstrated that a 97 kDa protein into HeLa cells. The ATG mutant yielded 4-fold more homolog also lacks an initiator ATG, and the GTG codon is conserved (J.Shaughnessy, accession No. U63323). p97-HA protein than the wild-type from similar amounts of RNA ( Figure 4A , compare lanes 2 and 3), while the To verify the presence of p97 protein in cells, we used two different antisera raised against p97 peptide sequences GGG mutant failed to produce any protein (lane 4). In vitro translation experiments confirmed the in vivo results ( Figure 1 , see underlined peptide sequences) in Western blotting. Experiments were performed with extracts from ( Figure 4B ). When the 4-1-A(HA) RNA was translated in a rabbit reticulocyte lysate, p97-HA was synthesized a mouse cell line, Neuro2A, since anti-GST-C serum (which was raised against the C-terminal sequence of p97) as a single product ( Figure 4B , lane 2). A point mutation (GUG→GGG) abolished translation (lane 3), while a pre-absorbed with GST or GST-C detects non-specific interacting polypeptides with M r s between 95 and 100 kDa mutation to AUG increased translation of p97-HA by 2-fold (lane 4). From these data, we conclude that translain extracts from primate cell lines including HeLa and COS-1, which obscure the p97 band (data not shown). tion of p97 mRNA derived from the clone 4-1-A cDNA starts exclusively at the GUG codon (position 307) to Anti-GST-C-terminal peptide antiserum detected two bands with apparent M r s of 97 (indicated by an arrow) encode a polypeptide of 907 amino acids (Figure 1 ). This mode of translation apparently is not specific to the human and 65 kDa ( Figure 5A , lane 2), both of which disappeared when the serum was absorbed with the antigen (lane 1). p97 mRNA, since the cDNA sequence of the mouse p97
The 65 kDa polypeptide is likely to be a cross-reacting with the FLAG peptide. p97 and eIF4G specifically bound to eIF4A (Figure 8 , upper panel, lanes 1 and 2, material, since another serum, anti-peptide (INT) serum, did not detect this band ( Figure 5A, lane 3) . In contrast, respectively). In contrast, binding of p97 to eIF4E was not detectable (lower panel, lane 1), while an interaction the 97 kDa band was also detected by the latter serum (lane 3), and disappeared by treatment of the serum with between eIF4G and eIF4E was evident (lower panel, lane 2). La failed to bind to either resin (lane 3). We were not the peptide (INT) (lane 4). Thus, the 97 kDa polypeptide is the only common polypeptide that is recognized able to perform similar experiments for eIF3, since it consists of multi-subunits, and it is not known which specifically by the two different antisera. To substantiate further the authenticity of the 97 kDa polypeptide, we subunit(s) interact(s) with eIF4G or p97. Thus, we conclude that p97 forms a protein complex which includes expressed non-tagged p97 from a cDNA ( Figure 5B ). For this experiment, HeLa cells were employed because of eIF4A and eIF3, but excludes eIF4E. their superior transfection efficiency. The amount of p97 was increased by 4-fold following transfection with a nonp97 suppresses cap-dependent and cap-independent translation tagged p97 expression plasmid, pcDNA3-Bam-ATGp97 ( Figure 5B, compare lanes 2 and 3) . Therefore, clearly, showed that the C-terminal twothirds fragment of eIF4G supports cap-independent translap97 is translated from the endogenous mRNA.
tion. Based on its homology to eIF4G, p97 might also promote cap-independent translation. To explore this posp97 binds to eIF4A and eIF3, but not to eIF4E Alignment of human p97 and eIF4G amino acid sequences sibility, we expressed p97 and eIF4G in HeLa cells together with a reporter CAT (chloramphenicol acetyltransferase) reveals that p97 exhibits overall 28% identity and 36% similarity to the C-terminal two-thirds of eIF4G ( Figure  mRNA , whose ORF is preceded by the encephalomyocarditis virus internal ribosome entry site (EMCV-IRES). 6). The N-terminal third of eIF4G, to which eIF4E binds (Lamphear et al., 1995; Mader et al., 1995) , bears no Translation of EMCV-IRES-CAT mRNA was repressed 2-fold by expression of p97 ( Figure 9A , lane 2). In similarity to p97. Therefore, no canonical eIF4E binding site is found in p97. Lamphear et al. contrast, eIF4G stimulated cap-independent translation by 2-fold (lane 4; these experiments were repeated four times (1995) showed that the C-terminal two-thirds of the poliovirus protease-cleaved eIF4G contains the binding with Ͻ10% variation between the results). Moreover, the p97-induced repression of translation was not apparent in sites for eIF4A and eIF3. Thus, it is predicted that p97 would bind to eIF4A and eIF3, but not to eIF4E. To cells containing an increased amount of eIF4G (compare lanes 2 and 3), consistent with the idea that p97 inhibits examine this, HA-tagged p97 and eIF4G were expressed in HeLa cells, and cell extracts were immunoprecipitated cap-independent translation by competing with eIF4G. To study the effect of p97 on cap-dependent translation, CAT with anti-HA antibody. The immunoprecipitates were assayed by Western blotting for eIF4A ( Figure 7A , upper mRNA was used as the reporter. Similarly to its effect on cap-independent translation, p97 inhibited cap-dependent panel), eIF3 (middle panel) and HA-tagged protein expression (lower panel). Both eIF4A and eIF3 were co-precipittranslation by 2-fold ( Figure 9B , lane 2) and expression of eIF4G stimulated translation (lane 4). ated with p97 and eIF4G ( Figure 7A , lane 3 and 4; the p115 subunit of eIF3 is shown, because it exhibits the To study how p97 expression affects overall protein synthesis in cells, we established a cell line that expresses strongest reactivity towards anti-eIF3 antibody among all subunits), while an unrelated RNA binding protein, La p97 under a tetracycline-regulatable promoter . Withdrawal of tetracycline from the medium autoantigen (Chambers et al. 1988) failed to precipitate either factor (lane 5).
increased the amount of p97 by~4-fold without a noticeable change in the amounts of eIF4G, eIF4E or eIF4A The light chain of the HA-tagged antibody co-migrates with eIF4E on SDS-PAGE, rendering detection of ( Figure 10A , compare lanes 1 and 2). Overexpression of p97 decreased the rate of protein synthesis by 20-25% as immunoprecipitated eIF4E difficult. To circumvent this problem, we co-expressed FLAG-tagged eIF4E, which determined by incorporation of [ 3 H]leucine ( Figure 10B ). We performed similar labeling experiments with [ 35 S]-migrates more slowly than non-tagged eIF4E ( Figure 7B , upper panel), with HA-tagged p97, eIF4G or La. Cell methionine and obtained essentially similar results (data not shown). These functional assays, combined with the extracts were immunoprecipitated with anti-HA, and the immunoprecipitates were examined by Western blotting binding results (Figures 7 and 8 ), suggest that p97 is a general suppressor of translation by forming a translafor eIF4E (middle panel) and HA-tagged proteins (lower panel). No detectable FLAG-eIF4E was co-precipitated tionally inactive protein complex that includes eIF4A and eIF3, but excludes eIF4E. with p97 ( Figure 7B , lane 3) or with La (lane 5), while eIF4G was able to precipitate FLAG-eIF4E (lane 4). The amount of FLAG-eIF4E ( Figure 7B , upper panel, lane 3) Discussion is 2.5-fold less than that in lane 4, since p97 suppresses translation in general, as shown in Figure 9 . However, no
We have cloned a new translational regulator, p97, which is homologous to the C-terminal two-thirds of eIF4G. FLAG-eIF4E was detectable in the immunoprecipitates of p97, even upon a longer exposure of the X-ray film (data This region of eIF4G contains binding sites for eIF4A and eIF3, while the binding site for eIF4E is present in not shown).
To substantiate these results further, p97 or eIF4G was the N-terminal third of the protein (Lamphear et al., 1995; Mader et al., 1995) . As expected from sequence homology, synthesized in vitro and mixed with bacterially expressed FLAG-eIF4E or FLAG-eIF4A bound to the anti-FLAG p97 binds to eIF4A and eIF3, but not to eIF4E ( Figures  7 and 8) . While the C-terminal two-thirds fragment of resin. Proteins bound to the anti-FLAG resin were eluted was used to align p97 and eIF4G (accession No. D12686) amino acid sequences. Conserved amino acids are boxed. Arrows indicate the cleavage sites by the 2A proteases of Coxsackie-and rhinoviruses (Arg486-Gly487) (Lamphear et al., 1993) and by the L protease of foot-and-mouth disease virus (Gly479-Arg480) (Kirchweger et al., 1994) . The eIF4E binding site in eIF4G (Mader et al., 1995) is underlined. eIF4G is able to support translation initiation from the inhibits IRES-dependent translation, while the C-terminal two-thirds of eIF4G generally supports IRES-dependent IRES of hepatitis C virus and Theiler's murine encephalomyelitis virus , p97 inhibits EMCVtranslation.
What is the mechanism of translational inhibition by IRES-dependent translation. It is unlikely that the opposite effects on translation are due to the different IRES elements p97? Sequestering eIF4A and eIF3 away from eIF4G is one of the plausible explanations. eIF4A is absolutely used in the two studies, since poliovirus IRES-mediated translation was promoted by the C-terminus of eIF4G, required for cap-dependent and cap-independent translation (Pause et al., 1994b) and eIF3 is essential for while transient expression of p97 repressed translation of poliovirus IRES-CAT mRNA (H. Imataka, unpublished recruitment of ribosomes to mRNA . However, eIF4A binding to eIF4G was not decreased after inducible observations). Thus, it is probable that p97 generally reporter plasmid. To express p97 and eIF4G in a cap-independent (lane 1).
manner, poliovirus IRES-dependent expression vectors pSP72IRES-p97 and pSP72IRES-eIF4G (2 μg each) were used. The total amount of DNA was adjusted to 5 μg with pSP72IRES. pRep-9-CMVt-p97 (lanes 1 and 2) or control vector pRep-9-CMV (lane 2) and La (lane 3) proteins were synthesized in vitro in the (lanes 3 and 4) were cultured with (lanes 1 and 3) or without (lanes 2 presence of [ 35 S]methionine and mixed with FLAG-eIF4A resin (upper and 4) tetracycline (tet) (1 μg/ml) for 40 h. Cell extracts (50 μg panel) or with FLAG-eIF4E resin (lower panel). After washing, the protein) were resolved by SDS-PAGE, and Western blotting was bound proteins were eluted with the FLAG peptide and resolved by performed for p97, eIF4G, eIF4A and eIF4E. (B) Cells were labeled SDS-10% PAGE.
with [3, 4, H]leucine for the indicated times. Incorporation of radioactivity into the trichloroacetic acid (5%)-insoluble fraction of cells (20 μg protein) was measured. p97 vector, tet ϩ, n; p97 vector, overexpression of p97 (H.Imataka, unpublished observtet-, s; control vector, tetϩ, u; control vector, tet-, j. Each point ation). This result is not surprising, as eIF4A is the most represents the average obtained from two dishes.
abundant initiation factor (Duncan et al., 1987) . It is thus more likely that sequestration of eIF3 might explain the translational inhibition by p97. This model of translational (Duncan et al., 1987) and eIF3 (Meyer et al., 1982; Mengod and Trachsel, 1985) to ribosomes in HeLa cells inhibition is reminiscent of the mechanism by which 4E-BPs inhibit translation. 4E-BP-1 competes with eIF4G for have been reported to be 3, 0.2 and 0.5, respectively. Another mechanism by which p97 inhibits translation is binding to eIF4E, and thereby inhibits formation of the whole eIF4F complex (Haghighat et al., 1995) . While 4E-based on recent results by Tarun and Sachs (1996) , who showed that in yeast the poly(A) binding protein enhances BP-1 and eIF4E were reported to exist in reticulocyte lysate at an~1:1 molar ratio , we could translation by interacting with eIF4G. If this mechanism operates also in the mammalian system, p97 could potennot determine the molar ratio of p97 to other translation factors, because of the difficulty in obtaining pure recomtially compete with eIF4G for interaction with the poly(A) binding protein. binant protein. The relative ratios of eIF4A, eIF4G
Plants have two different eIF4F complexes. One is a communication), suggesting that the amount of p97 in the cell might be controlled by an editing mechanism. complex of two polypeptides, p220 and p26, which are homologs of mammalian eIF4G and eIF4E. The other complex, called eIF(iso)4F, consists of p28, another homo-
Materials and methods
log of mammalian eIF4E, and p82 (Browning et al., 1990; Allen et al., 1992) . p82 exhibits significant sequence Cloning of cDNAs similarity to human eIF4G (Allen et al., 1992) , and the The cDNA #20881 was obtained from a human embryo brain cDNA binding site for eIF4E is conserved in the N-terminus of library by random cloning. A human placenta cDNA library in λgt11 was screened with a fragment (nucleotide positions 473-1200) of #20881.
p82 . eIF(iso)4F, like eIF4F, stimulates 5Ј RACE (rapid amplification of cDNA ends, Gibco-BRL) was performed translation in vitro (Abramson et al., 1988) . Yeast also with HeLa poly(A) ϩ RNA and sequence-specific primers (594-614 and has two genes encoding eIF4G homologs, TIF4631 and 643-664 in Figure 1 ) according to the manufacturer's instructions.
TIF4632 (Goyer et al., 1993) . Although both contain an eIF4E binding site , there seems to
Construction of plasmids
To generate the C-terminally HA-tagged cDNAs, an antisense primer be a functional difference between two proteins, since composed of the sequences encoding the C-terminal six amino acids of TIF4631-disrupted strains exhibited a slow growth phenop97 followed by the HA epitope peptide, YPYDVPDYAG, and nucleotype, while disruption of TIF4632 failed to show any tides corresponding to the XhoI site was used for PCR with a sense phenotype. Double gene disruption engendered lethality primer (nucleotides 2527-2549 in Figure 1 ). pcDNA3 (Invitrogen), which (Goyer et al., 1993) . It is possible that p97 has evolved contains a human cytomegalovirus (CMV) and T7 RNA polymerase promoters, was used as an expression vector for most of the experiments. (Imataka et al., surrounding the initiator GUG is GCCAAAGUGGAG, 1992).
which matches the consensus rule that purins are favorable For an N-terminally HA-tagged construct, the initiator ATG codon at positions -3 and ϩ4 (the first nucleotide of the initiation and three copies of the HA sequence were inserted codon is defined as ϩ1) (Kozak, 1989) . More importantly, into pcDNA3 to generate the parental vector, pcDNA3-HA. A PCRamplified fragment from the GTG initiation codon to a SacI site p97 mRNA has adenine at the ϩ5 position. Translation (nucleotide 600) was ligated to a fragment from SacI to the 3Ј terminus starting at a non-AUG is efficient when the second codon of #20881 to construct pcDNA3-HA-p97. An EcoRI fragment of the is GAU, where G at ϩ4 and A at ϩ5 are more important human eIF4G cDNA (kindly provided by Dr Rhoads; Yan et al., 1992) than U at ϩ6 (Boeck and Kolakofsky, 1994; Grunert and was used to construct pcDNA3-HA-eIF4G. HA-La (kindly provided by A.Craig, unpublished) was inserted into pcDNA3 to obtain pcDNA3-Jackson, 1994).
HA-La.
Why is GUG employed instead of AUG? Several
For expression of non-tagged p97, a fragment from BamHI (nucleotide important regulatory genes including c-myc (Hann et al., 172) to the 3Ј terminus, in which the initiator GTG had been mutated 1988), int-2 (Acland et al., 1990) , pim-1 (Saris et al., into ATG, was inserted into pcDNA3 to generate pcDNA3-Bam-ATGp97. A point mutation (GTG→ATG or GGG) was introduced using a 1991), FGF-2 (Florkiewicz and Sommer, 1989) and WT-1 commercial kit (Amersham). To construct pcDNA3-eIF4G, the EcoRI (Bruening and Pelletier, 1996) have non-AUG initiators fragment of eIF4G cDNA was inserted into pcDNA3. in addition to a downstream and in-frame AUG initiation
The poliovirus IRES was inserted into pSP72 (Promega), which codon, so that non-AUG-initiated translation generates contains the T7 RNA polymerase promoter, to generate pSP72IRES. For expression of p97 or eIF4G in a cap-independent manner, the Bamamino-terminally extended proteins. Some of the extended ATGp97 and the EcoRI fragment of eIF4G cDNA were inserted proteins show intracellular localizations different from downstream of the IRES to construct pSP72IRES-p97 and their shorter counterparts (Acland et al., 1990; Bugler pSP72IRES-eIF4G. et al., 1991) . In contrast, there are no multiple products from p97 mRNA, since the GUG is the only initiator.
Transient transfection
Translation initiation at CUG of c-myc mRNA was HeLa cells were infected with recombinant vaccinia virus vTF7-3 (Fuerst et al., 1986) , and then transfected with plasmids (5 μg) using Lipofectin enhanced when culture medium was deprived of methio-(Gibco-BRL). For expression in COS-1 cells, plasmids (10 μg) were nine (Hann et al., 1992) . For FGF-2, eIF4F seems to transfected by electroporation (Bio-Rad Gene PulserII, 1200 V, 25 μF).
activate utilization of CUG more than that of AUG (Kevil et al., 1996) . The expression of p97 might also be Also, apoptosis has been shown to be affected by protein centrifugation, the supernatant was mixed with 2 μg of anti-HA antibody (12CA5, a kind gift from M.Tremblay) for 6 h in the cold room. Protein synthesis inhibitors (Martin et al., 1988 ; Ledda-Columbano G-Sepharose (30 μl of 50% slurry) was added and the mixture was Polunovsky et al., 1994) , and overexpression incubated for 2 h. After washing with buffer A (1 ml, three times), of eIF4E in NIH3T3 cells prevents apoptosis induced by immunoprecipitates were collected by centrifugation and proteins were serum depletion (Polunovsky et al., 1996) . Future research eluted with Laemmli buffer for SDS-10% PAGE. For co-immunoprecipitation experiments, transfected HeLa cells (6 cm dish) were lysed in 1 ml on p97 should shed light on the role of translational inhibiof buffer B (100 mM KCl, 0.5 mM EDTA, 20 mM HEPES-KOH tion in regulating apoptosis. We have also learned recently pH 7.6, 0.4% NP-40, 20% glycerol, 1 mM DTT, 1 mM PMSF, 5 μg/ml that p97 mRNA is heavily edited when the apolipoprotein pepstatin, 5 μg /ml leupeptin). After centrifugation, an aliquot (0.5 ml) B mRNA editing protein is overexpressed in the liver of was mixed with anti-HA antibody (2 μg). Immunoprecipitates were washed with buffer B (1 ml, three times), and resolved by SDS-10% transgenic mice (S.Yamanaka and T.Innerarity, personal PAGE, except for eIF4E experiments where 12.5% polyacrylamide gels and by the Naito Foundation (Japan). This work was supported by a were used.
grant from the Medical Research Council of Canada to N.S.
Western blotting and antibodies
Immunoprecipitates or cell extracts (60 μg protein) were resolved by
